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(57) ABSTRACT

A lighting device may include: at least one two-dimensional
semiconductor light source, at least one reflector unit, which
can be switched between a plurality of reflector settings,
wherein in a first reflector setting, a first reflector surface of
the reflector unit can be illuminated by the at least one semi-
conductor light source, and in a second reflector setting, a
second reflector surface of the reflector unit can be illumi-
nated by the at least one semiconductor light source.

18 Claims, 7 Drawing Sheets
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LIGHTING DEVICE AND METHOD FOR
OPERATING A LIGHTING DEVICE

RELATED APPLICATIONS

This application is a national stage entry according to 35
U.S.C. §371 of PCT application No.: PCT/EP2012/055961
filed on Apr. 2, 2012, which claims priority from German
application No.: 10 2011 006 699.3 filed on Apr. 4, 2011.

TECHNICAL FIELD

Various embodiments relate to a lighting device having a
two-dimensional semiconductor light source and at least one
reflector unit, in particular to a vehicle light. Various embodi-
ments furthermore relate to a method for operating a lighting
device.

BACKGROUND

In the automobile sector, headlamps which simultaneously
fulfill a plurality of lighting technology functions or light
functions (low beam, high beam, cornering light, etc.) are
known. In order to generate the light of the light functions, a
plurality of light sources are used, which are activated indi-
vidually or in predetermined groups depending on the light
function. In this case, some of the light functions may be
produced by one of the other light functions plus dedicated
light generation (for example high beam from low beam and
an additional wide-emitting light beam, cornering light from
daytime running light and an additional laterally oriented
light beam, etc.). A disadvantage in this case is that a rela-
tively large number of light sources are required.

In bi-xenon or bi-halogen projection systems for motor
vehicles, only a single gas discharge light source is used, in
order, with a reflector cavity, a shutter and a projection lens, to
switch the low beam function and the high beam function
alternately in a motor vehicle headlamp.

Particularly in the case of light functions which have simi-
lar requirements in terms of their light distribution pattern but
differ in their integral luminous flux, brightness adaptation
(dimming) of one light source may be used in conjunction
with the same optical unit in order to be able to switch the two
light functions alternately. An example of this is the H15
incandescent lamp, which has two filaments, one of which is
used only as a light source for daytime running light and
position light and both together generate the low beam light.

SUMMARY

Various embodiments provide a lighting device, particu-
larly a vehicle lighting device, which can generate a plurality
of light emission patterns in a particularly simple way.

Various embodiments provide a lighting device including:
at least one two-dimensional semiconductor light source and
at least one reflector unit, wherein the reflector unit is swit-
chable between a plurality of reflector settings and wherein,
in a first reflector setting, a first reflector surface of the reflec-
tor unit can be illuminated by the semiconductor light source,
and in a second reflector setting a second reflector surface of
the reflector unit can be illuminated by the semiconductor
light source.

The first reflector surface and/or the second reflector sur-
face may be specularly or diffusely reflective.

The at least one two-dimensional light source may in par-
ticular include one or more semiconductor light sources, the
emitter surface(s) of which has a non-negligible extent in at
least two directions (i.e. they are not only point-like or linear).
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The at least one semiconductor light source may be equipped
with at least one individual and/or common (primary) optical
unit for beam guiding, for example at least one Fresnel lens,
collimator, etc.

Preferably, the at least one semiconductor light source
includes at least one light-emitting diode. Instead of or in
addition to inorganic light-emitting diodes, for example
based on InGaN or AllnGaP, organic LEDs (OLEDs, for
example polymer OLEDs) are generally also usable. If a
plurality of light-emitting diodes are used, in particular inor-
ganic light-emitting diodes, these may in particular be
arranged directly adjacent to one another. In this case, narrow
gaps, which are not clearly perceptible in practice, may exist
between neighboring emitter surfaces and thus generate a
virtually two-dimensional emitter surface. The inorganic
light-emitting diode(s) may be provided in the form of LED
chips which are not packaged in a sealed fashion. The LED
chips themselves may already have an extended emitter sur-
face.

When there are a plurality of semiconductor light sources,
in particular light-emitting diodes, these may illuminate in the
same color or different colors. A color may be monochro-
matic (for example red, green, blue, etc.) or polychromatic
(for example white). The light emitted by the at least one
semiconductor light source may also be infrared light (for
example “IR LED”) or ultraviolet light (for example “UV
LED”). A plurality of semiconductor light sources may gen-
erate mixed light, for example white mixed light. The at least
one semiconductor light source may contain at least one
wavelength-converting luminous material (conversion LED).
The luminous material may, alternatively or in addition, be
arranged at a distance from the semiconductor light source
(“remote phosphor”). A plurality of semiconductor light
sources may be mounted on a common substrate (“sub-
mount”).

The reflector unit may include one or more elements.

The lighting device has the advantage that only relatively
few light sources are required in order to generate even sig-
nificantly differently shaped emission patterns. Furthermore,
this lighting device can be dimmed in a simple way by the use
of semiconductor light sources. The use of two-dimensional
semiconductor light sources permits homogeneous light dis-
tribution, in particular even without using a beam-expanding
optical unit, which permits a particularly compact and eco-
nomical lighting device. Another advantage is relatively
simple thermal connectability and consequently effective
coolability of the at least one semiconductor light source.

Itis one refinement that the at least one light source and the
reflector unit are arranged directly adjacent to one another
(i.e. without interposed optical elements).

It is one configuration that the lighting device includes at
least one further reflector, which is arranged optically down-
stream of the reflector unit. Thus, the light reflected by the
reflector unit may be further deflected and/or shaped. Instead
of orin addition to the at least one further reflector, at least one
further optical element, for example a lens, may also be
arranged optically downstream of the reflector unit.

The at least one further reflector may include one or more
reflector elements. The at least one further reflector may, in
particular, include at least one dish-like, in particular half-
dish, reflector element.

The at least one further reflector may in particular include
two reflectors, in particular formed as half-dishes, arranged
opposite one another. These two reflectors may have the same
or a different base shape and/or size. The at least one further
reflector may, in particular, have an elliptical, parabolic,
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hyperbolic or freeform reflection surface. The at least one
further reflector may be faceted or unfaceted.

In different reflector settings, the same, different or par-
tially the same, partially different further reflector elements
may be illuminable.

The at least one further reflector element may be config-
ured to be specularly or diffusely reflective.

It is also a refinement that the at least one reflector unit lies
in a space delimited by the at least one further reflector ele-
ment. This permits a particularly compact and simply con-
structed lighting device.

It is one configuration that at least one of the reflector
surfaces deflects the light beam emitted by the at least one
light source with shape invariance. The reflector unit may
thus be used as an angle rotator in at least one reflector setting.
The basic functionality of angle-rotating optical units is
described for example in Julius Chaves: “Introduction to
Nonimaging Optics”, CRC press, 2008.

The deflection angle may, in particular, be greater than 0°
and extend up to 180°. The deflection angle may, in particular,
be about 90° (perpendicular deflection).

It is another configuration that at least one of the reflector
surfaces splits the light beam emitted by the at least one light
source into at least two light sub-beams, in particular light
sub-beams of the same type. Thus, in particular, a plurality of
further reflector surfaces and/or a plurality of reflection
regions of a further reflector surface may be illuminated in a
simple way. In particular, in one reflector setting the light
beam emitted by the at least one light source may not be split
and in a reflector setting it may be split.

It is furthermore a configuration that at least one of the
reflector surfaces includes two reflector subsurfaces having
the same radius (in particular constant) and different orienta-
tion. Thus, the light beam emitted by the at least one light
source may be split into at least two (in particular precisely
two) similar or even essentially identically shaped light sub-
beams.

It is also a configuration that a width of at least one of the
reflector surfaces corresponds at least essentially to an (op-
tionally cumulative) width of the at least one light source.
This permits particularly uniform, large-area illumination of
the reflector unit even without an optical unit arranged
between the at least one light source and the at least one
reflector unit. Alternatively, however, the at least one light
source may (cumulatively) also be shorter or longer than the
width of at least one of the reflector surfaces.

It is yet another configuration that at least one radius of at
least one of the (curved) reflector surfaces corresponds at
least essentially to a height of the at least one light source.
This supports, in particular, an angle-rotating functionality
with a homogeneous light distribution of the angle-deflected
light beam.

It is furthermore a refinement that a height of the at least
one light source corresponds to a height of at least one of the
reflector surfaces.

It is also another configuration that the reflector unit
includes a reflector which can be rotated between the reflector
settings. In other words, the reflector includes at least two of
the reflector surfaces, which can be selectively brought into
the beam path of the beam path generated by the at least one
semiconductor light source by rotation of the reflector.
Advantageously, the rotation of a single body, namely the
reflector, is thus sufficient to generate different light emission
patterns of the lighting device.

Particularly in this case, but also in general, a reflector
which consists of a compact (i.e. not thin, dish-shaped) body
is preferred.
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It is also a configuration that the reflector unit includes a
reflector having the first reflector surface and a mobile “shut-
ter” having at least one shutter reflector surface, wherein in
the first reflector setting, the shutter is remote from a light path
(i.e. is not illuminable) and the first reflector surface can be
illuminated by the at least one semiconductor light source,
and in a second reflector setting, the second reflector surface
of'the reflector unit is formed by means of at least a part of the
first reflector surface and the shutter reflector surface. In this
way, the reflector can be arranged statically and simple
switching-on of reflector subsurfaces is possible. In the sec-
ond reflector setting, the second reflector surface is thus
formed additively.

The at least one shutter reflector surface may be configured
to be diffusely or specularly reflective.

It is an alternative refinement that the shutter does not act
reflectively but is a light-absorbing shutter.

It is one refinement that, in the second reflector setting, the
second reflector surface of the reflector unit is formed by the
(entire) first reflector surface and the shutter reflector surface.
In this case, the shutter may in particular deflect a light sub-
beam reflected by the first reflector surface.

The reflector may, in the first reflector setting, in particular
illuminate a first further reflector or reflector region and a
second further reflector or reflector region, and in the second
reflector setting only one of the further reflectors or reflector
regions.

Itis also a configuration that, in the second reflector setting,
the shutter partially shades the first reflector surface (and in
the first reflector setting the shutter consequently does not
shade the first reflector surface). The second reflector surface
is consequently constituted by the shutter reflector surface
and the non-shaded or non-shadeable subsurface of the first
reflector surface. This permits particularly low-loss reflec-
tion.

Itis also a configuration that a radius of the non-shaded part
of'the first reflector surface corresponds at least essentially to
a height of the at least one semiconductor light source. This
permits particularly compact angle deflection.

It is yet another configuration that the shutter reflector
surface, at least adjacent to the reflector, has a radius which at
least approximately corresponds to the radius of the non-
shaded part of the first reflector surface, which permits a
highly homogeneous light distribution at the transition
between the first reflector surface and the shutter reflector
surface. For the same purpose, in the second reflector setting,
the shutter reflector surface may advantageously follow on at
least approximately smoothly from the non-shaded part of the
first reflector surface. In particular, a combination of these
features permits a large uniformly acting reflection surface in
the second reflector setting, taking the shutter into account.

The mobile shutter may, in particular, be mounted dis-
placeably or rotatably.

It is also a configuration that the two-dimensional light
source and/or the at least one reflector unit have a base shape
which is linearly extruded with respect to its width, i.e. they
essentially are configurationally invariant along their width
extent. The reflector unit may then, in particular, include a
rotatable reflector having a polygonal cross section, in which
case at least two different sides may correspond to at least two
different reflector surfaces. Alternatively, for example, extru-
sion along an arcuate curve, in particular rotation of a two-
dimensional profile, is also possible.

Itis another refinement that an intermediate space between
the at least one light source and the at least one reflector unit,
in particular its reflector, is laterally covered, for example by
corresponding shutter elements.
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In general, the lighting devices may also have three or even
more reflector settings.

It is a particularly preferred configuration that the lighting
device is a vehicle headlamp. A vehicle may, for example, be
a motor vehicle (automobile, truck, etc.), bicycle, aircraft,
ship, etc.

Various embodiments provide a method for operating a
lighting device having at least one two-dimensional light
source and at least one reflector unit, wherein the method
includes at least the following steps: bringing the at least one
reflector unit into a first reflector setting, in which a first
reflector surface of the reflector unit is illuminated by the light
source, and bringing the at least one reflector unit into a
second reflector setting, in which a second reflector surface of
the reflector unit is illuminated by the light source.

The method gives the same advantages as the lighting
device, and may also be configured in a similar way thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the disclosed
embodiments. In the following description, various embodi-
ments described with reference to the following drawings, in
which:

FIG. 1 shows optical components of a lighting device
according to a first embodiment in a first reflector setting as a
sectional representation in side view;

FIG. 2 shows semiconductor light sources and a reflector
unit of the lighting device according to the first embodiment
in the first reflector setting as a sectional representation in side
view,

FIG. 3 shows, in a first oblique view, the semiconductor
light sources and the reflector unit of the lighting device
according to the first embodiment in the first reflector setting;

FIG. 4 shows details of the lighting device according to the
first embodiment in a second oblique view, in the first reflec-
tor setting;

FIG. 5 shows, in an oblique view, the semiconductor light
sources and the reflector unit of the lighting device according
to the first embodiment in a second, alternative reflector set-
ting;

FIG. 6 shows a lighting device according to a second
embodiment in a first reflector setting as a sectional represen-
tation in side view;

FIG. 7 shows a detail of a lighting device according to a
third embodiment in a second reflector setting in a view
obliquely from behind;

FIG. 8 shows a detail of a lighting device according to a
fourth embodiment in a second reflector setting in a view
obliquely from behind;

FIG. 9 shows a detail of a lighting device according to a
fifth embodiment in a second reflector setting in a view
obliquely from behind; and

FIG. 10 shows a detail of a lighting device according to a
sixth embodiment in a first reflector setting in a view
obliquely from behind.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawing that show, by way of illustration, specific
details and embodiments in which the disclosure may be
practiced.
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FIG. 1 shows, as a sectional representation in side view,
optical components of a lighting device 10 according to a first
embodiment, namely two-dimensional semiconductor light
sources in the form of light-emitting diodes 11 assembled to
form a light generation unit, a reflector unit in the form of a
rotatable reflector 12 and two further dish-shaped reflectors
13, 14 arranged downstream of the reflector 12. FIG. 2 shows
the light-emitting diodes 11 and the reflector 12 in an enlarged
view. FIG. 3 shows the light-emitting diodes 11 and the
reflector 12 in a first oblique view and FIG. 4 shows the
light-emitting diodes 11 and the reflector 12 together with a
part of the further reflector 14.

The dish-shaped reflectors 13 and 14 are each respectively
configured as half-dish reflectors having a multiply faceted
freeform internal reflection surface 13a and 144, respectively.
The reflection surfaces 134 and 14a may be formed to be
diffusely or, preferably, specularly reflective. The reflection
surfaces 13a and 14a face toward one another and may
respectively be configured sectorwise rotationally symmetri-
cally about an x axis X, the x axis corresponding in this case to
a longitudinal axis of the lighting device 10. The reflection
surfaces 13a and 14a may have the same shape and/or size or
be formed differently.

The reflectors 13 and 14 delimit an inner space 15, in which
the light generation unit 16 is located. The light generation
unit 16 includes four light-emitting diodes arranged next to
one another in a 2x2 matrix pattern and having two-dimen-
sionally extended emitter surfaces 18, as shown in more detail
in FIG. 3 and FIG. 4. The emitter surfaces 18 extend in a (y,z)
plane perpendicular to the x axis. The emitter surfaces 18 in
this case have a preferred ratio of a width B along the extent
of'the z axis z to a height H along the extent of the y axis y of
4:1.5, although other length ratios are also possible.

Close to the light generation unit 16, and arranged optically
downstream thereof, lies the compact reflector 12. The reflec-
tor 12 is formed as a (compact (i.e. in particular as one
extended significantly in all three directions) body. The
reflector 12 has a longitudinally extruded shape in the extent
of the z axis z. A cross-sectional shape is at least approxi-
mately rectangular, two oppositely arranged sides constitut-
ing a first reflector surface 20 and a second reflector surface
21.

A width of'the reflector surfaces 20, 21 corresponds at least
approximately to a cumulative width of the light generation
unit 16, or of the emitter surfaces 18 of the light-emitting
diodes 11 as a group, of about 2-B. Thus, the reflector surfaces
20, 21 can be illuminated uniformly. In general, the width of
the reflector surfaces 20, 21 may also be greater or less than
the cumulative width of the emitter surfaces 18. The reflector
12 and its reflector surfaces 20, 21 may also be offset laterally
(along an extent of the 7 axis z) relative to the light generation
unit 16 and its emitter surfaces 18.

Furthermore, a cumulative height of the light generation
unit 16, or of the emitter surfaces 18 of the light-emitting
diodes 11, corresponds to a height of'the first reflector surface
20 and of the second reflector surface 21.

The reflector surfaces 20, 21 are specularly reflective. The
other sides of the reflector 12 may be configured to be (dif-
fusely or specularly) reflective.

The reflector 12 is rotatable about the z axis z between a
first reflector setting and a second reflector setting. To this
end, the reflector 12 laterally includes in each case a pin 22 for
engagement of a rotation device (not shown). In the first
reflector setting as shown, the first reflector surface 20 faces
toward the light generation unit 16 and can therefore be
illuminated directly by the latter, and the second reflector
surface 21 faces away from the light generation unit 16. In the
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second reflector setting as shown in FIG. 5, the second reflec-
tor surface 21 faces toward the light generation unit 16 and the
first reflector surface 20 faces away.

The first reflector surface 20 has at least approximately the
shape of a circle sector in profile, here in the form of a quarter
circle. A constant radius of curvature R of the first reflector
surface 20 in the (x,y) plane corresponds to a distance to an
upper extremity 23 of the emitter surfaces 18 of the light
generation unit 16. The first reflector surface 20 is further-
more arranged with its lower edge 24 as close as possible to
the light generation unit 16.

During operation of the lighting device 10 activated emitter
surfaces 18 of the light generation unit in the first reflector
setting emit partially upward (in the direction of the y axis y)
past the reflector 12 onto the further reflector 13. A greater
part of the light generated by the light generation unit 16,
however, strikes the first reflector surface 20 and is deflected
essentially with shape invariance through 90° upward onto
the further reflector 13. The first reflector surface 20 is con-
sequently used as a so-called angle rotator.

For the further reflector 13, a light exit plane E1 formed by
the upper extremity 23 and an upper edge of the reflector 12
appears as a “virtual” light source. The upper extremity 23
and the upper edge of the reflector 12 may, in particular, be
used as a “cut-off” edge. The light exit plane E1 may, in
particular, be located on or in the vicinity of a focal point or a
focal plane of the further reflector 13.

After the reflector 12 is switched into the second reflector
setting by rotating the reflector 12 through 180°, the second
reflector surface 21 now faces toward the light generation unit
16, as shown in FIG. 5.

The second reflector surface 21 is formed mirror-sym-
metrically in profile with respect to the (x,z) plane with cor-
responding reflector subsurfaces 21a and 214, with the result
that the light beam generated by the light generation unit 16
and incident on the second reflector surface 21 is split into two
light sub-beams essentially of the same type but deflected into
a different direction. The light incident on the second reflector
surface 21 is consequently split into equal components. Yet
another part of the light generated by the light generation unit
16 passes directly through light exit surfaces E2 and E3,
respectively, onto the further reflector surfaces 13, 14. The
light exit surfaces E2 and E3, are consequently used as
respective “virtual light sources” for the reflectors 13 and 14.

Each of the mutually mirror-symmetrical subsurfaces 21a,
21b has the same radius of curvature R (although this is not
necessary in general) but are oriented differently. By illumi-
nation of the second, lower further reflector 14, the lighting
device 10 can emit in particular a wide-emitting light pattern.

In the first reflector setting, the lighting device 10 may, in
particular, emit low beam light, and in the second reflector
setting in particular high beam light.

Because of its proximity to the emitter surfaces 18, the
reflector 12 has a base body which preferably consists of a
sufficiently thermally and mechanically stable material, in
particular metal, for example aluminum, but also plastic,
glass, ceramic, etc.

The lighting device 10 may, in particular, be a vehicle light
or a part thereof, for example a vehicle headlamp or an insert
therefor. Particularly in this case, the possibility of thermally
connecting and cooling the light-emitting diodes 11 in a
simple way via the side facing away from the reflector 12 is
advantageous.

FIG. 6 shows a lighting device 30 according to a second
embodiment in a first reflector setting. The lighting device 30
is configured in a similar way to the lighting device 10,
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although in this case the first reflector surface 31 constitutes a
sector section of more than 90° and also does not need to be
configured circularly.

Particularly in this case, the light exit plane E2a of the
reflector 32 of the lighting device 30 is angled with respect to
the horizontal (x,z) plane in the first reflector setting, here by
about 20°.

The subsurfaces 33a, 335 of the second reflector surface 33
which are illuminated in the second reflector setting are also
no longer formed mirror-symmetrically.

In the first reflector setting, by means of the first reflector
surface 31 an angle deflection through about 110° onto the
first further reflector 13 is achieved, and in the second reflec-
tor setting an angle deflection through about 100° onto the
first further reflector 13.

The reflector 32 has, for example, a higher collection effi-
ciency than the reflector 12.

FIG. 7 shows a detail of a lighting device 40 according to a
third embodiment in a second reflector setting in a view
obliquely from behind. The lighting device 40 in this case
includes a compact reflector 41, which is not rotatable and
only has a first reflector surface 42, which faces toward the
light generation unit 16. The first reflector surface 42 is at
least similar to the second reflector surface 21 of the lighting
device 10.

In a first reflector setting (not represented) which is similar
to the second reflector setting of the lighting device 10, light
incident on the first reflector surface 42 is split into two
sub-beams which respectively illuminate the further reflector
surface 13 and the further reflector surface 14.

In the second reflector setting as represented, a mobile
shutter 43 has been introduced into the light path. The shutter
43 adjoins a lower extremity 47 of the emitter surfaces 18 of
the light generation unit 16 and of'the reflector 41, and covers
the lower light exit surface E4 formed thereby. At least in the
region of the light exit surface E4, the shutter 43 has a planar
reflective shutter reflector surface 44. The reflector unit 45 is
thus formed at least by the reflector 41 and the shutter 43, the
second reflector surface 42, 44 corresponding to a combina-
tion of the first reflector surface 42 and the shutter reflector
surface 44. A width of the shutter 43 corresponds at least to a
width of the light generation unit 16, or to its emitter surfaces,
and/or to a width of the first reflector surface 42 In the second
reflector setting, light is thus prevented from striking the
further reflector 14 from below (counter to the y axis y). By
the shutter reflector surface 44, this light is shone through an
upper light exit opening E5 onto the further reflector 13.
Between the first reflector surface 42 and the shutter reflector
surface 44, there may be a narrow gap 46.

It is thus possible to switch between the two reflector
settings by folding or displacing the shutter 43.

FIG. 8 shows a detail of a lighting device 50 according to a
fourth embodiment in a second reflector setting in a view
obliquely from behind. The lighting device 50 is similar to the
lighting device 40, the first reflector surface 51 of the reflector
52 not being split into mirror-symmetrical arranged subsur-
faces, but instead the subsurfaces 51a, 515 have a different
configuration in section. Although the subsurfaces 51a, 515
are mirror-symmetrical in terms of their shape in this case,
and consequently have the same radius of curvature, they are
offset along the x axis x.

Inparticular, by way of example, the subsurface 515 in this
case has a smaller area, with the result that a smaller light
component is assigned to it. In the first reflector setting,
definedly less light is consequently shone onto the second
further reflector surface 14 than onto the first further reflector
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surface 13. In general, beam-diverging subsurfaces may be
used to generate differently large light components in arbi-
trary percentages.

FIG. 9 shows a detail of a lighting device 60 according to a
fifth embodiment in a second reflector setting in a view
obliquely from behind. The lighting device 60 is similar to the
lighting device 40, and also uses the same reflector 41.

In contrast to the lighting device 40, a shutter 61 used here
does not have a planar shutter reflector surface, but instead a
shutter reflector surface 62 which is curved in profile.

In the first reflector setting, when the shutter 61 is not in the
beam path of the lighting device 60, alight emission pattern at
least similar to the lighting device 40 in the first reflector
setting is generated.

In the second reflector setting, the shutter 61 has been
brought into a position in which it shades the reflector sub-
surface 425 of the first reflector surface 42, which directs the
light incident from the light generation unit 16 onto the lower
further reflector 14. Light which would strike the reflector
subsurface 424 in the first reflector setting now strikes the
shutter reflector surface 62. The non-shaded reflector subsur-
face 424 is illuminated by the light generation unit 16 in the
same way in both reflector settings.

Owing to the fact that light now strikes the shutter reflector
surface 62, the lower further reflector 14 is not illuminated,
but instead the upper further reflector 13 is illuminated more.
In particular, the shutter reflector surface 62 adjoins the lower
border of the non-shaded reflector subsurface 42a, optionally
via an only narrow gap 63. This lower border corresponds to
the edge which constitutes a transition between the non-
shaded reflector subsurface 424 and the shaded or shadeable
reflector subsurface 425. Light losses can thus be kept small.
Furthermore, the non-shaded reflector subsurface 42a and the
shutter reflector surface 62 are perceived as an essentially
unitary second reflector surface 42a, 62. The radius of curva-
ture R of the shutter reflector surface 62 corresponds to the
radius of curvature R of the non-shaded reflector sub-surface
42a. Furthermore, the shutter reflector surface 62 follows on
smoothly from the non-shaded reflector subsurface 424, i.e.
without a step or edge. The second reflector surface 42a, 62
therefore has a uniform radius of curvature R, and conse-
quently acts as an angle-rotating reflector surface.

FIG. 10 shows a detail of a lighting device 70 according to
a sixth embodiment in a first reflector setting in a view
obliquely from behind.

The lighting device 70 corresponds to the lighting device
40 or 60 (with the shutter, which is removed in the first
reflector setting, not visible) and additionally includes side
shutters 71 protruding laterally on the reflector 41 in the
direction of the light generation unit 16. The side shutters 71
may be configured to be specularly or diffusely reflective, or
alternatively light-absorbent. By the side shutters 71, a space
delimited by the light generation unit 16, in the second reflec-
tor setting the shutter 43 or 61, respectively, and the reflector
41 is laterally closed. Use of the shutters 71 permits an
increased luminous efficiency, improved light mixing and a
reduction of stray light.

Of course, the disclosure is not restricted to the embodi-
ments presented.

For instance, emitter surfaces which do not have a rectan-
gular base shape may in general be used. Also, it is generally
possible to use emitter surfaces which do notliein a plane, but
for example are curved. Also, the arrangement of the emitter
surfaces is not in general restricted to a matrix pattern, in
particular not to a 2x2 matrix pattern. For example, a 1x5
matrix pattern etc. may also be used.
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In general, instead of a plurality of light-emitting diodes, a
single light-emitting diode having a correspondingly large
emitter surface may also be used, in particular an organic
LED, for example a polymer LED. This has the advantages of
particularly simple driving as well as a unitary emitter surface
without gaps.

It is also a general refinement that the number and/or
brightness of the activated semiconductor light sources may
vary with the reflector setting.

Furthermore, side shutters may be used with all the lighting
devices, for example even those which have a rotatable reflec-
tor. The side shutters may generally be separate elements and,
for example, do not need to be firmly connected to the reflec-
tor.

The shutter may also be formed to be diffusely reflective or
light-absorbent. This shutter may also be arranged at a dis-
tance from the reflector unit. More generally, the shutter may
prevent light incidence on a particular reflector or reflector
region. The shutter may in general also be formed in the shape
of'a box or trough.

While the disclosed embodiments has been particularly
shown and described with reference to specific embodiments,
it should be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the disclosed embodi-
ments as defined by the appended claims. The scope of the
disclosed embodiments is thus indicated by the appended
claims and all changes which come within the meaning and
range of equivalency of the claims are therefore intended to be
embraced.

LIST OF REFERENCE SYMBOLS

10 lighting device

11 light-emitting diode
12 reflector

13 dish-shaped reflector
13a reflection surface
14 dish-shaped reflector
14a reflection surface
15 inner space

16 light generation unit
18 emitter surface

20 first reflector surface
21 second reflector surface
21a reflector subsurface
215 reflector subsurface
22 pin

23 upper extremity

24 lower edge

30 lighting device

31 reflector surface

32 reflector

33 reflector surface

334 subsurface

335 subsurface

40 lighting device

41 reflector

42 first reflector surface
42a reflector subsurface
425 reflector subsurface
43 shutter

44 shutter reflector surface
45 reflector unit

46 gap

47 lower extremity

50 lighting device



US 9,103,509 B2

11

51 first reflector surface
51a subsurface

5154 subsurface

52 reflector

60 lighting device

61 shutter

62 shutter reflector surface
63 gap

70 lighting device

71 side shutter

B width

E1 light exit plane
E2 light exit plane
E2a light exit plane
E3 light exit plane
E4 light exit plane
ES5 light exit plane

H height

R radius of curvature
X X axis

yy axis

7 Z axis

The invention claimed is:
1. A lighting device, comprising
at least one two-dimensional semiconductor light source,
at least one reflector unit, which can be switched between
a plurality of reflector settings, wherein

in a first reflector setting, a first reflector surface of the
reflector unit can be illuminated by the at least one
semiconductor light source, and in a second reflector
setting, a second reflector surface of the reflector unit
can be illuminated by the at least one semiconductor
light source, and

wherein the lighting device comprises at least one further

reflector which is arranged optically downstream of the
reflector unit.

2. The lighting device as claimed claim 1, wherein at least
one of the reflector surfaces deflects a light beam emitted onto
it by the at least one semiconductor light source at least
essentially with shape invariance.

3. The lighting device as claimed in claim 2, wherein the at
least one of the reflector surfaces deflects through 90°.

4. The lighting device as claimed in claim 1, wherein at
least one of the reflector surfaces splits the light beam emitted
by the at least one semiconductor light source into at least two
light sub-beams.

5. The lighting device as claimed claim 1, wherein a width
of at least one of the reflector surfaces corresponds at least
essentially to a width of the at least one semiconductor light
source.

6. The lighting device as claimed in claim 1, wherein at
least one radius of at least one of the reflector surfaces corre-
sponds at least essentially to a height of the at least one
semiconductor light source.

7. The lighting device as claimed in claim 6, wherein

a radius of the non-shaded part of the first reflector surface

corresponds at least essentially to a height of the at least
one semiconductor light source,
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the shutter reflector surface, at least adjacent to the reflec-
tor, has a radius which at least approximately corre-
sponds to the radius of the non-shaded part of the first
reflector surface, and

in the second reflector setting, the shutter reflector surface
follows on at least approximately smoothly from the
non-shaded part of the first reflector surface.

8. The lighting device as claimed in claim 1, wherein the

reflector unit comprises a retlector which can be rotated
between the reflector settings.

9. The lighting device as claimed in claim 8, wherein the

reflector is a compact reflector.

10. The lighting device as claimed in claim 1, wherein the

reflector unit comprises a reflector having the first reflector
surface and a mobile shutter having a shutter reflector surface,
wherein

in the first reflector setting, the shutter is remote from a
light path and the first reflector surface can be illumi-
nated by the at least one semiconductor light source, and

in a second reflector setting, the second reflector surface of
the reflector unit is formed by means of at least a part of
the first reflector surface and the shutter reflector sur-
face.

11. The lighting device as claimed in claim 10, wherein

in the second reflector setting, the shutter partially shades
the first reflector surface.

12. The lighting device as claimed in claim 11, wherein

a radius of the non-shaded part of the first reflector surface
corresponds at least essentially to a height of the at least
one semiconductor light source,

the shutter reflector surface, at least adjacent to the reflec-
tor, has a radius which at least approximately corre-
sponds to the radius of the non-shaded part of the first
reflector surface, and

in the second reflector setting, the shutter reflector surface
follows on at least approximately smoothly from the
non-shaded part of the first reflector surface.

13. The lighting device as claimed claim 1, wherein the

lighting device is a vehicle headlamp.

14. The lighting device as claimed claim 1, wherein the

two-dimensional semiconductor light source and the at least
one reflector unit has a base shape which is linearly extruded
with respect to its width.

15. The lighting device as claimed in claim 1, wherein the

at least one further reflector is a dish-like reflector.

16. A lighting device, comprising

at least one two-dimensional semiconductor light source,

at least one reflector unit, which can be switched between
a plurality of reflector settings, wherein

in a first reflector setting, a first reflector surface of the
reflector unit can be illuminated by the at least one
semiconductor light source, and in a second reflector
setting, a second reflector surface of the reflector unit
can be illuminated by the at least one semiconductor
light source and wherein

at least one of the reflector surfaces splits the light beam
emitted by the at least one semiconductor light source
into at least two light sub-beams.

17. The lighting device as claimed in claim 16, wherein the

at least two light sub-beams are the same type.

18. The lighting device as claimed in claim 16, wherein at

least one of the reflector surfaces comprises two reflector
subsurfaces having the same radius and different orientation.
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